Introduction
In early 1988, a consortium of large New Jersey hospitals, each with teaching programs, asserted that its case mix was composed of more severely ill and consequently more costly patients for whom the payment system did not provide equitable compensation. This claim implied that the diagnosis-related group (DRG) classification system needed refinement to accurately discern a more costly class of patients within a DRG. The consortium contended that payments should reflect patient severity levels within DRGs.
In response to this and other claims of payment inequities, the New Jersey Department of Health (NJDOH) and 25 New Jersey hospitals initiated an evaluation of DRG refinement based on the Computerized Severity Index (CSI) system. The strategy was to use CSI to assign severity levels to patient records from 1986 and then to form patient classes within DRGs based on the severity levels. Severity class cost weights within DRGs would then be determined and, if the evidence supported refinement, the payment system would be modified to reflect severity cost differences. The project began in earnest in May 1988; data collection was completed by January 1989. Analysis and payment simulations continued throughout the summer of 1989, and the project final report was delivered in November 1989.
The State of New Jersey was required to modify its allpayer payment system when it was no longer permitted to include Medicare patients in its all-payer policy. In addition to the considered modification of DRGs by severity classes, policy revision included implementation of the New York (NY) State modified DRG classification (NY 6.0 DRGs) and revised DRG base payments.
1 A new strategy to account for differing costs among hospitals as a function of teaching intensity was also included in the payment policy revision.
The principal objective of the evaluation project was to determine if CSI patient severity of illness could identify case-mix differences between New Jersey hospitals that correlated to higher patient care costs. An important expansion of the study undertaken during the analysis phase was the evaluation of the Yale University DRG refinement. Coordination and operational support of the study were performed by Health Systems International, the developer and vendor of the CSI software system, and Quantitative Consultants, Inc., the developers of the CSI severity methodology (Horn, 1986) .
The analysis phase of the project focused on identifying DRGs showing the greatest improvement in homogeneity after refinement and consequent payment simulations to determine financial impact. Both severity and complexity refinements are based on a more specific use of secondary diagnoses than are currently used in Medicare DRGs. Complexity refinement depends on the existence of specific secondary diagnoses, whereas the severity refinement uses secondary diagnoses to motivate evaluation of more detailed clinical information. Each refinement uses a class structure that reflects different levels of treatment intensity within each DRG. Multiple classes are formed for each DRG, thereby forming a class structure overlay on the DRGs. Although the principal DRG refinement models compared and contrasted in the evaluation were the CSI severity refinement and Yale University complexity refinement, a number of other DRG class models were investigated. Revelations from the model analysis led to a significant new refinement of the DRGs used in New York and New Jersey.
Severity and complexity methods
CSI is a disease-based system that uses coded diagnosis information from a patient record to motivate queries for clinical data that are then used to evaluate patient severity of illness. CSI refinement of DRGs consists of using the four-level severity score to create four severity classes within each DRG.
Clinical data required to implement CSI consist of laboratory test results, vital signs, medical history, and physical condition factors. Therefore, assigning a severity class requires information not normally present on the discharge abstract but found only within patient clinical records. The lowest level of the four-level patient severity score corresponds to clinical findings in the normal range and is indicative of low-risk patients. The highest level corresponds to patients who have serious clinical findings that indicate life threatening diseases.
Evaluating the severity of each disease present for a patient is the first step in determining the patient's overall severity level. The severity of each disease is also measured on a four-level scale (mild, moderate, severe, and life threatening). Patient diseases are indicated by the diagnosis information attested to by the attending physicians. Each patient-specific diagnosis is assigned to a disease group, and the severity of the disease group is evaluated. Within CSI, each disease group is indicated by a set of diagnosis codes from the International Classification of Diseases, 9th Revision, . A disease group may include a patient's principal diagnosis and/or secondary diagnoses. The patient's overall severity level is determined from the levels and interactions of all disease groups present. The principal disease group-not necessarily indicated by the principal diagnosis-yields the greatest contribution to the overall severity score, but serious secondary diseases or secondary diseases that strongly interact with the principal disease may also have considerable impact on the overall score.
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Severity of illness can be measured over different time periods during a patient's hospital stay. Two valuable periods of time for which severity is measured are the admission period and the entire period of hospitalization. The admission period is typically considered to be the first 48 hours of the patient's stay, and the associated severity level is called the "patient's admission severity level." The maximum severity level represents the highest severity level that could have been attained during the patient's stay. The maximum severity level uses patient data acquired during the entire hospital stay; it was chosen for the retrospective evaluation project.
The Yale University complexity refinement was developed during 1986-88 by the Health Systems Management Group, supported by a Health Care Financing Administration (HCFA) grant (Fetter et al., 1989) . A class structure overlay on Medicare DRGs was created by classifying diagnoses coded as comorbidities or complications (CCs). Information required for patient class assignment using this class structure overlay is the same as that required for DRG assignment and is available in standard patient discharge abstracts. Consequently, patient clinical records are not needed.
Structural modifications to the Medicare DRGs began with a recombination of adjacent diagnosis-related groups (ADRGs) that were previously distinguished by the existence of specific CCs.
3 Recombination reduced the number of DRGs from 475 to 318. The next step was the creation of a class overlay that partitioned each ADRG into multiple subgroups. The class structure overlay is based on ADRG-specific CC class assignments that were determined from extensive statistical and clinical evaluation. Class levels are sequentially ordered with respect to increasing expected resource (cost and length of stay (LOS)) requirements. Three classes are defined for patients in medical ADRGs and four classes for patients in surgical ADRGs. The overall ADRG class assignment for a patient is the maximum class level assigned among the patient's CCs. The class of an ADRG is therefore derived from the class assignment of one of the CCs that is coded on a patient abstract.
In summary, the principal differences in class assignment methodology between CSI and Yale are CSI's use of detailed patient clinical information and its processing of interactions between the principal and secondary diseases. Severity or complexity classes can be applied to either DRGs or ADRGs that contain CC information, enabling direct comparison of Yale and CSI class structures. Two other significant changes recommended by the Yale study were the identification of extreme low-cost medical patients (class L) and extreme high-cost tracheostomy patients (class H). These classes are not included in the analysis because they are specifically accounted for in the New Jersey DRG system. The low-cost medical patients are those that expire in the first 48 hours of hospitalization; they are almost always excluded by the low length-of-stay trim points used in New Jersey. All patients having tracheostomy procedures are grouped into two DRGs, 735 and 736, in the New York State modified DRGs used in New Jersey.
Study hospital characteristics
How may the results of this study be extended to areas outside New Jersey? The study hospitals appear to be a representative metropolitan sample and the severity impact results are likely to be indicative of the impact other metropolitan area hospitals would experience.
There were 94 nongovernment, not-for-profit community hospitals operating in New Jersey in 1986, the year from which the study data were selected. Those hospitals had 1.05 million admissions during 1986 and employed over 60,000 full-time personnel. The operating expenses for the hospitals in 1986 were nearly $4 billion, or approximately $3,000 per admission or $430 per inpatient day (American Hospital Association, 1987) .
New Jersey does not have any hospitals classified as nonmetropolitan. In the entire United States, 46 percent of hospitals are considered nonmetropolitan. However, nonmetropolitan hospitals account only for 23 percent of beds, 20 percent of patient days, and 2 percent of fulltime equivalent (FTE) residents. New Jersey and U.S. hospital size distributions are also noticeably different. The percent of small hospitals (less than 100 beds) in New Jersey is about 5 percent, whereas it is about 50 percent for the Nation overall. Small rural hospitals account for one-half of all hospitals in our country and are not well represented in the hospital distribution of New Jersey. Yet, over 20 percent of admissions, expenses, surgeries, emergency room visits, and births occur in large hospitals (more than 500 beds) for both New Jersey and the United States. Thus, New Jersey hospitals reflect the country's demographics with respect to the concentration of population and services in metropolitan areas. How representative were the study hospitals of all New Jersey hospitals? The study hospitals were more representative of location than of size with respect to all State hospitals and contained a higher percent of hospitals with physician training programs than the State population, according to the peer group classification used in New Jersey.
All hospitals in New Jersey were invited to participate in the Severity of Illness Evaluation Project and, as a result of a statewide meeting between the NJDOH and the hospital managers, 25 hospitals volunteered to participate. The participants represented 28 percent of New Jersey hospitals and serve 34 percent of New Jersey patients. A comparative summary of all national hospitals, all New Jersey hospitals, and the study hospitals is given in Table 1 .
The peer group classification of hospitals for degree of teaching programs may not be a good indicator of teaching program impact, and it should be noted that during 1988 an investigation characterized the impact of physician training programs on New Jersey hospital expenses (Network Inc., 1989) . One consequence of that investigation was the application of a set of factors to adjust hospital DRG payments for the indirect expense of supporting physician training programs. Adjustments for the study hospitals appear to be a uniform random sample of the adjustments for all State hospitals.
Outline of the evaluation project
A brief overview of the project organization and process is presented in this section; further detail is available in the project final report (Health Systems International, 1989) . Information flow and requisite tasks are illustrated in Figure 1 . The two bold-faced boxes contain the obligations of the NJDOH and the New Jersey hospitals. The other boxes represent the processing undertaken by staff at Health Systems International (HSI). Details of the analysis data base construction are presented in the following section.
Based on a clinical review of each DRG, a preliminary list of DRGs to be included in the study was developed. The focus of the study was on medical and surgical patients-psychiatric, substance abuse, and elective surgery patients were eliminated. In general, elective surgery is only performed on patients at low severity levels and, therefore, there are few high-severity patients in elective surgery DRGs. Pediatric patients were excluded because CSI severity criteria for pediatric patients were not available. In addition, the DRG frequency distribution of patients was used to exclude DRGs with insufficient patient volume in the study hospitals. Available data on the relationship between severity and cost by DRG were also reviewed before selecting the final DRGs for the study. A total of 131 DRGs, representing approximately 40 percent of New Jersey hospital patients, were excluded.
Following removal of patient records within excluded DRGs, patient records were randomly selected from the 1986 NJDOH hospital files. 4 The random sample was formed at the hospital level so that each hospital would have a proportionate share of records to rate; most hospitals had approximately 4,000 patient records to rate.
To ensure that each hospital used accurate information and focused on severity issues during the study, CSI severity worksheets containing patient-specific clinical questions were generated for each hospital's selected records. A clinical analysis report was also produced for each patient abstract record to point out clinical inconsistencies in the records so that abstract and clinical chart information could be checked prior to completing the worksheet.
5 Delivery of worksheets to each hospital was synchronized with hospital staff training. Within 3 weeks of training, a visit was made to each hospital by a nurse or clinician to evaluate the reliability of severity raters and offer suggestions on efficient practices for the rating process.
Figure 1 New Jersey Severity of Illness Evaluation Project
Financial reports submitted by the hospitals after completion of the study indicated that the cost borne by the hospitals was approximately $20 per record.
Analysis data base
An analysis data base containing patient demographics, clinical severity, and audited hospital costs was constructed for modeling alternative patient class assignment methods and payment scenarios. The clinically edited patient abstract data, audited direct hospital costs, and severity scores made this data base unique for payment analysis.
Data base fields were defined for inlier or outlier status, hypothetical payment, complication and comorbidity indicators, diagnosis-specific Yale complexity refinement, and CSI classes. The analysis data base included patient information required for DRG assignment: age, sex, discharge status, diagnoses, and procedures. Other data base fields identified the payer, reported charges, LOS, and attending physician. Audited information acquired from the NJDOH identified direct hospital costs and acute LOS for each record and hospital-specific payment rates used in the New Jersey all-payer PPS. The cost data used were direct patient-care cost and excluded the cost of capital, certain administrative costs, and staff physician costs. The direct patient-care costs were computed using NJDOH cost-tocharge ratios to convert charges into cost. The direct patient-care costs for each hospital were equalized for wage-rate variations and for differences in the indirect cost of teaching programs. Acute LOS does not include the number of days a patient may have been awaiting transfer while no longer requiring hospital care. This NJDOH information was merged with the severity information collected by the hospitals and was used to determine sample-to-population ratios for each hospital and DRG combination.
During construction of the data base, each patient record was classified using three DRG classifications: Health Care Financing Administration (HCFA) version 6.0 DRGs, NY version 6.0 DRGs, and Yale refinement of the HCFA version 6.0 DRGs. Data base fields were included to indicate errors or conflicts for each diagnosis and for other problems in the record, such as problems related to clinically inconsistent interactions between diagnoses, procedures, age, sex, and LOS.
Outlier status fields were used to indicate low and high LOS or cost outliers. Different policies for defining outlier status were used in the analysis. One policy used the low-and high-trim points defined for payment purposes by the NJDOH. Currently, New York and New Jersey use low LOS trim points and per diem payments for short-stay patients. The trim points are influenced by policy considerations and thereby can confound statistical evaluation. The statistical outlier policy used in this analysis was based on an algorithm for robust estimation of central tendency. 6 A nonparametric trimming algorithm is important when evaluating homogeneity properties of different classification systems, because parametric methods require knowledge of the underlying data distribution. DRG cost and charge distributions have a lognormal shape, and that tendency holds for Yale within-DRG complexity classes as well. The within-DRG CSI severity distributions tend to have normal distributions. The nonparametric trimming algorithm defines both low-and high-trim values based on the first and third quartiles (Q1, Q3) of the DRG data distribution. The formulas defined for reasonably symmetric distributions are:
Given that DRG data are lognormally distributed, one should logarithmically transform such data before calculating trim points. An alternative to transforming the data is to adjust the above formulas to the following:
The low trim point was forced to be nonnegative if calculation yielded a negative value. Data within a DRG were trimmed before classes were formed and models compared. A summary of 75,905 untrimmed records, each of which is rated in the range 1-4 by both systems, is presented to show crude similarities and differences. 8 The comparison is crude because class relations are not invariant across DRGs. For example, the relation between Class 1 and Class 2 patients is not uniform within all DRGs for either system. Also, for medical records there are at most three Yale classes. Given these caveats, the distribution of severity scores and average cost for DRGs in the study is shown in Table 2 . Several properties of the data in Table 2 are representative of equivalent reports on individual ADRGs. CSI tends to rate a larger number of patients in the level 1 class than does Yale. The size of the fourth CSI class tends to be larger than the Yale class because of the CSI level 4 death rating. The inclusion of deaths in CSI level 4 lowers its average cost. DRGs currently distinguish one group of patients (DRG 123-Circulatory disorders with acute myocardial infarction, expired) based on whether the patient died during the hospitalization. The use of an early medical death class, or rating deaths in the most severe class, extends the use of this controversial variable within the payment system. The incentives associated with such payment decisions should be considered carefully.
The model report shown in Table 3 is a summary of Yale and CSI class refinements for ADRG 148-major small and large bowel procedures. Model reports summarize the effects of class formation across three dimensions-LOS, cost, and frequency. The cost differences between severity classes are indicated by average cost and the ratio of class average cost and ADRG average cost-the class cost weight. Variance changes resulting from class formation are summarized at the bottom of each model report.
The model report displays similarities and differences between the CSI and Yale class structures that occur for many other ADRGs as well. For example, one similarity is the relationship between different class averages; higher class levels typically have higher average cost and LOS. There are ADRGs with exceptions to that observation; and within this data set, they occur more frequently for Yale classes than for CSI classes. A typical difference in the class structures is the range of class average costs and resulting cost variance reduction; CSI cost weights have a larger range and yield considerably better cost variance reduction, 31.31 percent versus 16.46 percent for Yale.
Class model analysis
Various class model designs were created to explore questions about the impact on payment policy resulting 6 "Multiply-Skipped Mean, Max(3k, 2) Deleted" (Andrews, Bickel, Hampel, et al., 1972) 7 These formulas follow from the observation that the log transform is a monotonic transform that will not change the quartile locations. 
cases (PCT).
Ns is the number of data and CVs is the coefficient of variation for cost in class s.
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% REDCV = 100 ' [1 -WCV + CV} S N % RED VAR, % RED MAD, and %RED CV are the reduction in variance, mean absolute deviation, and coefficient of variation, respectively Cis is the datum cost; Cs is class s average cost; and C is DRG average cost. from the formation of patient classes within DRGs. As previously described, severity and complexity models were formed using the CSI and Yale class definitions. Other comparative models were constructed to evaluate interactions between complexity and severity and to test alternative CC-derived complexity measures. The models used can be functionally grouped into the categories displayed in Figure 2 . The model groups that will be described in this section are severity classes, complexity classes, body system and disease groups, and cost optimal classes. A fundamental issue regarding any class overlay on DRGs is the number of classes into which each DRG should be subdivided. Creating too many classes leads to difficulties with predictive analysis and policy formation as the number of patients in a class is likely to be too small for reliable estimates of resource requirements. Also, it is unlikely that the same number of classes should be created for every DRG because the number of patients in different DRGs varies widely. Adjacent class combinations were modeled for both Yale and CSI classes to evaluate the significance and appropriateness of the number of defined DRG classes. The analysis data base contains six models for all possible CSI adjacent class recombinations within a fourclass structure. There are similarly six such models for Yale adjacent class recombinations. The class recombination models are summarized in Table 4 , where the letters "C" and "Y" represent CSI and Yale class recombinations, respectively. The number of classes used in a model is indicated by the highest number in the mapping. For example, "Y(l,2,2,3)" indicates that a four-class Yale DRG refinement was re-formed into three classes in which the second-and third-class patient records were merged. This results in three patient classes SOURCE: with no change in the first or fourth Yale classes but with the second and third Yale classes merged into a single class labeled "Class 2;" the fourth class was subsequently relabeled. The relative model results, given in Table 4 , are similar for most ADRGs. For all merit measures, CSI class refinement (Models 1-7) dominates the Yale class refinement (Models 8-14). Model 15 is the status quo, whereby the existence of CCs determines DRG class (e.g., DRGs 148 and 149). Both Yale and CSI classes are a considerable improvement over Model 15. The three-class models, based on specific adjacent class merging, CSI (Models 2,6,7) and Yale (Models 9,13,14), have comparable merit measures to the four-class models (Models 1,8) .
Other class models were created to explicitly test the interaction of inhospital death and severity class with payment policy. In the four-class CSI system, all patients who die in the hospital are classified as overall severity level 4. However, Yale refinement research indicated that early death in medical DRGs has a high association with low cost. A five-class model that distinguished all deaths as a separate class was examined.
The existence of complications and/or comorbidities on the abstract record does not necessarily indicate that more costly care was provided. Another set of models enabled a test of the hypothesis that there were CCs on the abstract record that had no supporting clinical evidence, as evidenced by CSI severity evaluation, and therefore should not be used for class assignment.
Models were formed to test the interaction of cost with the existence and number of CCs, the number of CCs in distinct body systems-such as major diagnosis categories (MDCs)-and the number of CCs in distinct disease groups. These models were used to test the hypothesis that the number of CCs is a more powerful indicator of high cost than just the existence of CCs.
Optimal class assignment models were used to form a basis for overall comparison. Optimal class assignments were used to determine the maximum possible explanatory power of two, three, or four classes within a DRG. Rather surprising results were realized from the optimal-cost class models.
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Models 16 and 20, with five classes (CSI with death class and CSI with CC split), achieve the highest costvariance reduction. The fifth class in Model 16 distinguishes patients that expire during their hospital stay. Thus, the improvement in Model 16 over Model 1 resulted solely from moving some of the Class 4 patients into Class 5. The fifth class in Model 20 contains cases that have no CCs (e.g., the original cases in DRG 149). The other four classes in Model 20 correspond to the four CSI severity levels assigned to patients having CCs (e.g., the original cases in DRG 148). Whereas Model 16 distinguishes the most severe patients, Model 20 attempts to distinguish the least severe patients and does not require a severity score for patients without CCs. McGuire and Bender (1990) describe the specific algorithms used to determine optimum DRG variance reduction using class structures. The algorithms are also detailed in McGuire (1989a) .
Table 4 Summary of model reports for adjacent diagnosis-related group (ADRG) 148
Model C(1,2,3,4) C(1,2,2,3) C(1,1,2,2) C(1,2,2,2) C(1,1,1,2) C(1,2,3,3) C (1,1,2,3 NOTES: %RED VARCost, %RED CVCost, and %RED MADCost are the reduction in variance, coefficient of variation, and mean absolute deviation, respectively, calculated using ADRG 148 cost data from all study hospitals. Likewise, the values calculated using length-of-stay data are labeled %RED VARLOS, %RED CVLOS, and %RED MADLOS. The formulas used are those cited in the notes of Table 3 Further research into simple counting models based on significant CCs-perhaps as given by the Yale refinement CC classes-may show that carefully chosen CC or disease interaction lists can achieve considerable improvement. The motivation behind Models 17-19 was the hypothesis that, as in combinatorial analysis, the transition from two to three options generally is the transition from manageable problems to particularly challenging ones.
The cost-optimal Models, 21-23, use two, three, and four classes to explain the maximum cost variance possible. Surprisingly, research into these models has shown that, with only two cost-optimal classes, a costvariance reduction of 60 percent is typical (McGuire, 1989a) . Three and four optimal classes typically achieve 75 percent and 90 percent cost-variance reduction. For ADRG 148, the five-class model (Model 16) had the highest cost-variance reduction (33.91 percent), whereas the two-class optimal model (Model 21) achieved 61.97 percent cost-variance reduction. Cost-optimal classes also reveal that approximately 10 percent of cost variance within an ADRG cannot be explained by any four-class overlay. Thus, a measure of the cost-variance noise or inherent variation within a four-class DRG model is on the order of 10 percent.
Empirical results using select models within a subset of ADRGs are presented following the next section.
Diagnosis-related group payment evaluation
The previous section described different class overlay models. In this section, consideration is given to payment equity resulting from making the Yale and CSI classadjusted DRG payments. Payment equity was investigated by simulating hospital payments using two scenarios. The first scenario simulated payment by using the status quo; the second scenario used class cost weights to modify the status quo. The simulations are based on a subset of DRGs. After a short discussion of the subset data used, the cost and payment results are described.
The DRGs selected spanned the full range of MDCs, were manageable in number, represented a significant portion of the hospital costs, and had a measurable effect on variance reduction. The selection process used several criteria. First, selection was made from the New Jersey study data base. Second, the DRGs in each MDC were ranked according to total reported cost within the 25 hospitals. This ranking used population statistics from the NJDOH. The top 10 DRGs in each MDC were picked as candidate DRGs. Third, the Yale and CSI class model reports were examined for each candidate DRG; if a model report showed a cost-variance reduction greater SOURCE: than 5 percent, the candidate was retained. The identified subset of DRGs accounted for 40 percent of the cost in the 25 hospitals and 30 percent of the patients in 1986.
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Given the DRG subset, the case data used in the simulation was selected. Because the cases are used to make inferences for overall impact, care was taken to avoid erroneous inferences. In the inference procedure, the sample data from each hospital are used to create fractions of patients within each DRG class at the particular hospital. For population inferences, these fractions are applied to the total DRG population for the hospital to arrive at overall class frequencies. Hospital-DRG combinations were selected if there were at least 10 cases in the hospital-DRG population and, further, if the sample proportion was at least 20 percent of the population. Therefore, each hospital-DRG combination within the data set had to have at least two cases.
After the restriction of hospital-DRG combinations, approximately 30,000 cases were used to used create class fractions. There were an average of 63 DRGs per hospital and an average of 15 hospitals per DRG. There were 103 DRGs selected that were recombined into 68 ADRGs. Of the 25 most frequently occurring DRGs nationwide, 20 are included in the data set (American College of Surgeons, 1988) .
To simulate the impact of classes on aggregate payments to the hospitals, the 1986 number of patients for each of the 25 hospitals within the ADRGs was obtained from the NJDOH payment report. A payment amount for each ADRG was determined based on the average ADRG cost for all hospitals by using wage and teaching equalized costs as determined by the NJDOH. For each hospital and ADRG, the actual number of patients in 1986 was split proportionally into a class-level number of patients based on the class percent determined from the study data base. For each ADRG, the standard payment was scaled into class payments by multiplying the standard payment by the class cost weight determined from the study data base.
The impact on aggregate hospital payments was simulated by comparing the payment a hospital would have received if it were paid the ADRG payment with the ADRG payment scaled by the appropriate class cost weight. The ADRG payment was the average cost for all patient records in the ADRG. The class cost weight was the average cost for all patient records in the particular class divided by the ADRG average cost. Because the ADRG payments were based on the average cost for all patients, the simulation is zero-sum; the excess that one hospital receives must be made up through the shortfalls of other hospitals. The impact of differences between class-refined payments and ADRG payments is evident in Figure 3 , where the net differences are expressed relative to the aggregate hospital costs. The differences in payment between refined payments and ADRG payments is on the order of 4 percent to +6 percent. New Jersey 10 During 1986, there were 329,695 inlier patients in the 25 study hospitals. The total reported cost for these patients was $678,340,999 (as calculated from the 1986 New Jersey data set).
Health Care Financing Review/Summer 1991/volume 12. Number 4 currently allows a 2-percent operating margin in its costbased payments. It is interesting to note the considerable amount of disagreement between refined payment policies.
A careful evaluation of payment changes and hospital characteristics was performed to correlate different types of hospitals with beneficial or detrimental payment shifts. No simple explanation of the relationship between study hospital characteristics and the payment impact resulting from severity adjustment was found.
11

Adjacent diagnosis-related group class structures
An indepth analysis of the Yale and CSI class models is now used to compare those models with selected other class models using a common subset of the identified DRGs. The most significant 25 DRGs of the DRG subset, ordered by their percent of total cost, are illustrated in Table 5 . As is evident from Table 5 , the top 25 DRGs represent 27.1 percent of cost and 15.7 percent of patients.
Six models are summarized in Table 6 for the 25 ADRGs that incorporate the 25 DRGs shown in Table 5 . Data for the table are calculated using trimmed study records that exclude records with a discharge status of death or transfer to another acute care facility. The model numbers are as previously given in Table 4 , and the number of groups (#Group) indicates the total number of distinct patient classes formed. For example, the 87 groups formed using Yale Model 8 indicate that the three-class medical and four-class surgical overlays on 25 ADRGs created a total of 87 patient groups. Cost reduction in variance (RIV) for the 87 group Yale Model 8 refinement is 54.4 percent as compared with a cost RIV of 45.7 percent for the unrefined 25 ADRGs. The Yale two-class refinement using Model 10 on medical ADRGs and Model 12 on surgical ADRGs yielded a total of 49 groups; one potential group had no cases. The reduction in groups from 87 to 49 resulted in a cost RIV decrease from 54.4 percent to 52.3 percent. Results for CC Model 15 show the status quo policy, splitting an ADRG on the existence of a CC. It is clear that 72 percent of patients in these ADRGs have CCs and that the payment differential is considerably lower than the two-class CSI and Yale models, where membership in Class 2 is based on the highest CSI or Yale scores only.
Overall, severity refinement Model 1 achieved the greatest improvement in within-class homogeneity, where nearly 60 percent of records were rated severity level 1, with an average cost of $1,925. Complexity refinement Model 8 rated 47 percent of records as level 2 with an average cost of $2,154. The two-class model for CSI and Yale, with 94 percent and 85 percent, respectively, of cases in the lower cost group, achieved comparable results to those achieved by Yale Model 8. The two-class status quo policy, Model 15, is clearly an inferior policy. Optimal Model 21 indicates that a cost RIV of 81.2 percent is an upper bound for any two-class overlay structure.
Data for the table of comparisons are calculated from 20,597 study records. There were 8 percent deaths and 11 A detailed discussion of the cost simulation is included in the project final report. Payment changes as a function of size, Medicaid share, and teaching status were studied and are commented on in the final report. 2 percent acute transfer records excluded. There were also 466 records excluded based on the statistical trimming algorithm. Statistics for the untrimmed records for each ADRG are included in Table 7 . The last two columns, labeled "trim" and "tpct," yield the number of records that were statistically trimmed and the percent of records trimmed. Relative standard error of cost is the coefficient of variation (CV) divided by the square root of the count (N); the relative standard error for each ADRG is no greater than 6.1 percent.
Conclusion
The evaluation project was undertaken to determine if a state-of-the-art clinical severity system could be implemented in New Jersey hospitals and to yield data for cost-benefit impact analyses. This discussion has focused on the organization of the study, models for classstructure analysis, and likely payment shifts resulting from DRG class refinement. A more detailed comparative Health Care Financing Review/Summer 1991/volume 12, Number 4 evaluation concerning DRG class structure overlays is available (McGuire, 1989a) . The use of severity information in the New Jersey payment system is still being evaluated, and benefit issues include an increased focus on quality of care considerations.
Beginning in January 1990, New Jersey adopted the NY version 7.0 DRG revision that included 55 new major CC DRGs. Major CC DRGs distinguish high-cost surgical and medical patients in each MDC by the existence of a particularly hazardous CC. The addition of major CC DRGs and other New York DRG changes that identify high-cost patients-tracheostomy, multiple trauma, problems related to the human immunodeficiency virus, bone marrow transplants, and other transplantsrepresent a considerable improvement to Medicare DRGs and have complicated the consideration of the merits of severity class refinement (McGuire, 1989b) . Major CC DRGs were formed as a result of this research, where it was shown that identification of high complexity and severity patients had the greatest impact for refining DRGs with the fewest additional groups. Still, the question remains of whether the existence of coded CCs is sufficient to indicate higher payments.
Current payment policy reflects the cost of a patient complication or procedure without attempting to determine if the complication was avoidable or the procedure was necessary. Refinement of DRGs into complexity classes is an extension of this strategy but carries with it increased concern about information accuracy. The impact of incorrect payment resulting from faulty coding is greater when a class structure is overlayed on DRGs. The following example indicates that the additional cost of verifying CCs, perhaps using severity information, may be warranted in certain DRGs.
The ratio of cost weights between the high-and lowcost classes is typically between three and four and indicates that the average patient cost for the highest class is several times the average patient cost for the lowest class. The product of the high-class cost weight and the HCFA DRG 148 cost weight produces an effective cost weight over 6 (1.9 * 3.27 = 6.21); the effective cost weight for the lowest class would be about 2 (0.6 * 3.27 = 1.96). Using the data from Table 3 , the low-to high-cost range for patients in ADRG 148 was $3,500 to $10,600; the average cost for all ADRG 148 patients was $5,600.
A single mistaken ICD-9-CM diagnosis code can induce a significant payment shift through a DRG class change, whereas no single error in a physiological finding can induce a severity class change.
Final evaluation of the impact of patient severity on payment is not possible until exogenous issues affecting payment equity, such as physician and nursing practice variability, teaching program costs, and hospital peer group homogeneity, are resolved. However, it is our opinion that a discriminating use of severity measures will improve the equity of the prospective payment system and also provide information for insuring the fairness and appropriateness of payments.
